Infections and sepsis are among the most common reasons for neonatal morbidity and mortality. Early diagnosis is difficult because clinical presentation is highly variable and signs are often subtle and common to a variety of conditions. Among the proposed early indicators of infection and sepsis are serum concentrations of interleukin (IL)-6, IL-8, and IL-10. It is believed that IL-8 is a sensitive indicator of infection and that high concentrations of IL-6 and IL-10 are indicators of sepsis and predictors of mortality (1-3 ). The concentrations of each of these cytokines in serum vary by several orders of magnitude (1-3 ). Literature-reported cutoff values for IL-8 are Ͼ70 ng/L (2 ) or Ͼ18 ng/L (1 ) for infection, and values Ͼ10 000 ng/L have been reported (1 ). IL-6 Ͼ175 ng/L is predictive of sepsis, and values Ͼ747 ng/L are predictive for pneumonia (3 ). IL-6 is also believed to be predictive of necrotizing enterocolitis (3 ). IL-10 Ͼ420 ng/L correlates with neonatal death (3 ).
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The ELISAs commonly used for cytokine detection require 50 -100 L of serum (ϳ100 -200 L of peripheral blood in the neonate) per cytokine. To determine the stage of an infection, measurement of several cytokines at multiple time points can be of importance (3 ) . Combining pro-and antiinflammatory cytokines in a single assay yields an overall view on the patient's inflammatory status; may allow differentiation among infection, sepsis, and enterocolitis; and thus may improve diagnostic accuracy. In neonates, however, particularly preterm neonates, such combined measurements are often hampered by lack of sufficient obtainable blood (1 ) . Furthermore, although the ELISAs are adequate for measuring these cytokines, they often require multiple dilutions to cover a wide concentration range because their dynamic range is only ϳ2-3 logs.
Recently, fluorescent bead array assays, such as the Cytometric Bead Array TM (CBA; BD Biosciences, San Jose, CA) (4 ) , that involve measurement by flow cytometry have become available, and they have widened the assay dynamic range greatly (4, 5 ) . This in turn improved efficiency by decreasing the required number of dilutions. These assays are multiplexed such that numerous substances are measured simultaneously in a single well. The CBA assay consists of a mixture of six types of beads uniform in size but containing different fluorescence intensities of a red-emitting dye. A different capture antibody (Ab) against one of six cytokines is covalently coupled to each type of bead. Cytokines bound to these Abs are detected by use of Abs labeled with phycoerythrin. The fluorescence intensity measured with phycoerythrin is proportional to the cytokine concentration in the sample and is quantified from a calibration curve. The wider dynamic range is attributable to the use of florescence detection, which has a range of 4 -5 logs, and the highly efficient capturing capability of the Ab-linked particles (4 ) . Particles in suspension are much more efficient than the static surface of ELISA well bottoms in capturing antigens. We applied this system to pediatric samples and compared the results with those of standard ELISA analyses.
The study was approved by the ethics committee of the University of Leipzig. We collected peripheral blood samples from children (age range, 2 weeks to 16 years) who had undergone cardiovascular surgery with cardiopulmonary bypass. Written informed consent was obtained from the parents of all 19 children who participated in the study. This group of patients was chosen because of the substantial intraoperative changes of IL-6, -8, and -10 known to occur during surgery with cardiopulmonary bypass (6 ) . From each patient, depending on body weight, we collected 0.1-1.0 mL of peripheral blood at up to 10 different time points. We also obtained postoperative drainage fluids from the pericardium or the pleura from five of the patients as high IL-6 concentration samples (7 ) . A total of 187 samples were collected and centrifuged at 2500g for 10 min; the supernatants were collected and stored in aliquots at Ϫ80°C until analysis. Cytokines were quantified by ELISA (all from R&D Systems) and the CBA (BD Biosciences) method. With the ELISAs, determination of all three cytokines required 200 L of serum and incubation time was 4 -5 h. The CBA assay, which simultaneously quantifies IL-1␤, IL-6, IL-8, IL-10, IL-12p75, and tumor necrosis factor-␣ in a single sample, uses 50 L. To save serum, we modified the CBA assay by reducing the serum volume to 25 L/sample. Incubation time was 3 h. The fluorescence produced by the CBA beads was measured on a FACSCalibur flow cytometer (BD Biosciences) and analyzed with its software (4 ). For the ELISAs, the lowest and highest calibrators were 3.1 and 300 ng/L, respectively, for IL-6; 7.8 and 2000 ng/L for IL-8; and 7.8 and 500 ng/L for IL-10. For the CBA, the range of calibrators was extended from the original 20 -5000 ng/L to 5.0 -50 000 ng/L for all cytokines. For the ELISAs, intra-and interassay imprecision (as CVs) was 2% and 3%, respectively, for IL-6 at 100 ng/L; 5% and 7% for IL-8 at 200 ng/L; and 4% and 8% for IL-10 at 80 ng/L. For the CBA, intra-and interassay imprecision was 6% and 8%, respectively, for IL-6 at 80 ng/L; 4% and 4% for IL-8 at 80 ng/L; and 6% and 8% for IL-10 at 80 ng/L.
With the CBA, the calibration range for each analyte was at least 10 times wider than the calibration range for the corresponding ELISA (Fig. 1) . The detection limits (based on the value obtained for the zero calibrator ϩ 3 SD) for IL-6, IL-10, and IL-8 were Ͻ5 ng/L for both the ELISAs and the CBA. This showed that both assay types are similarly able to detect serum cytokine concentrations at the reported cutoff concentrations (1-3 ) . The two assays yielded concentrations that were virtually identical, as exemplified by the characteristic time courses of two patients (see Fig. 1 in the Data Supplement that accompanies the online version of this Technical Brief at http://www.clinchem.org/content/vol49/issue6/). The values obtained by the ELISA and CBA were highly correlated over five decades of log concentration difference ( Table 1 With the CBA, no dilutions were needed to measure the high concentrations in the drainage fluids, but several dilution steps were needed with the ELISAs. We obtained sufficient sample material to measure IL-6, but not IL-8 and IL-10, in all 187 samples by ELISA (Table 1) . With the CBA and ELISAs, the concentrations of IL-1␤, IL-12p75, and tumor necrosis factor-␣ were near the concentration of the lowest calibrator and did not significantly change with time, as expected (5 ) (data not shown); the concentrations of these analytes were also in this range in the drainage fluids.
Cytokine measurement by multiplexed immunoassay and flow cytometry promises to be of substantial benefit for the critically ill child. The amount of blood required is reduced by more than 80% for the three cytokines and may be further reduced. The results highly correlate with the results obtained by the ELISAs used for routine diagnostic purposes. On the basis of our data, the CBA assay is particularly convenient in the presence of active infection, when cytokine concentrations are quite high. Because flow cytometers are widely used and understood in clinical laboratories, adaptation of the CBA into clinical routine may be readily accomplished. The system is flexible and cost-effective because it requires less manual operating time than several ELISAs and avoids additional dilutions for high-concentration samples. New bead populations that measure additional markers may be added to increase diagnostic capability, and markers that are not useful in a specific situation can be removed to reduce costs (5 ). The critically ill child most likely will benefit from these developments.
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